"Indigenous vaccine" developed from native "Indian Bison Type" strain ("S5") of Mycobacterium avium subspecies paratuberculosis (MAP) of "goat origin" was first time evaluated in a sheep flock of Bharat Merino breed located in Mannavanur town of Tamil Nadu in South India. Therapeutic efficacy of the vaccine was evaluated for 3 years between 2008 and 2010, on the basis of improvements in productivity (body weights, reproductive efficiency and survivability), physical condition, clinical symptoms (weakness, diarrhea, wool quality), immune response (sero-conversion) and infection load in feces (shedding). After immunization of the flock in 2008, the successive progenies of 112 and 53 lambs born in 2009 and 2010, respectively were vaccinated. Whereas, 40 lambs born to control animals were kept as unvaccinated controls. Though gain in body weights in vaccinated versus controls were not significant in 2008, growth rates were distinctly superior in I st and II nd generations of vaccinated lambs. Reproductive performance (tupping percent) and survivability of lambs and adult sheep improved significantly. There was overall reduction in yearly morbidity (diarrhea) and mortality rates of the flock in post vaccination years. Shedding of MAP in feces was reduced in vaccinated sheep by 6. 2%, 14.3% and 27.3% in 2008, 2009 and 2010 respectively, whereas shedding increased in the control sheep. Seromonitoring of the animals by "indigenous ELISA kit" showed enhanced "flock immunity" in successive generations. "Indigenous vaccine" reduced clinical disease and shedding and improved immunity and productivity of Bharat Merino flock, endemic for Johne's disease.
Introduction
Paratuberculosis or Johne's disease (JD), caused by Mycobacterium avium subspecies paratuberculosis (MAP), is the most important disease of domestic ruminants and is responsible for substantial economic losses to the livestock industry world-over [1] [2] [3] . Reduced milk production, loss of body condition, progressive weight loss, diarrhea, emaciation and death, negatively affect productivity. In recent years, MAP attracted renewed interest due to increasing evidences of association with Inflammatory Bowel Disease (IBD) or Crohn's disease (CD) in human beings [4] [5] [6] . In absence of effective control measures, MAP infection has slowly spreaded in the livestock population throughout the world. The 70% of US dairy herds are infected with JD, costing $200 million to $1.5 billion per year to the dairy industry [2] . Despite high prevalence of disease in the domestic ruminant population of the country [7] [8] [9] [10] , disease has not received priority for control and eradication. Production losses have neither been estimated nor given cognizance outside developed countries. Different workers [11] [12] [13] showed low to very high prevalence of JD in some of the native sheep flocks. Sheep population in the country has shown to be exclusively infected with "Indian Bison Type' biotype of MAP [14] .
Perez [15] and Corpa [16] showed the efficacy of vaccination in sheep, by evaluating number of clinical cases and level of fecal excretion. Both killed or live vaccines induce cellular and humoral immune responses [16, 17] and fewer animals develop clinical disease and also reduce excretion of MAP [18] . Hygienic measures and culling of shedders add to the efficacy of vaccination and reports on vaccine failure are rare [19] . In young sheep, vaccine showed reduction in mortality and fecal shedding. Since 2003, Australian sheep industry increasing relied on vaccination for the control of ovine JD [20] . More recently, killed vaccines have shown "therapeutic potential" [21] [22] [23] . In India, first "indigenous inactivated vaccine" was developed in 2005 at Central Institute for Research on Goats (CIRG), Makhdoom using native strain "S5" of MAP of goat origin [24] . Strain "S5" of MAP has since been characterized as "Indian Bison Type"-a new biotype of MAP not reported so far in the literature [25] . Evaluation of this "indigenous vaccine" showed high efficacy both as "preventive and therapeutic" vaccine in herds endemic for Johne's disease [23, 24] . However, "indigenous vaccine" has not been evaluated in sheep flocks. This study evaluated "indigenous vaccine" in a sheep flock endemic for ovine Johne's disease (OJD). Indigenous vaccine was developed using "S5" strain of "Indian Bison type" biotype of MAP of goat origin. Production performance, status of clinical disease, concentration (+4 to +1) of MAP bacilli/gm of feces (shedders), immunological parameters between vaccinated and nonvaccinated control groups of Bharat Merino sheep located down south in the hills of Nilgiris, and Mannavanur block of Tamil Nadu was compared. 
Materials and Methods

Experimental Animals and Monitoring Parameters
Vaccine
"Indigenous vaccine" was developed using native "S5" strain and characterized as "Indian Bison type" (a new biotype) of Mycobacterium subsp. paratuberculosis (MAP) of "goat origin". This biotype has not been reported outside India [25] . "S5" strain was recovered in 1999 from a terminally sick goat which subsequently died of JD in the farm herd of Jamunapari goat breed at Central Institute for Research on Goats (CIRG), Mathura. JD is endemic in the farm herds of the goats of the institute. "Therapeutic potential" of "indigenous vaccine" was evaluated in naturally infected spontaneous cases of JD in goats [23] and as a preventive vaccine in a classical vaccination and challenge trial in young goats [24] . One dose of vaccine contained 2.5 mg dry weight of S5" MAP culture containing 5 × 10 9 bacilli/ml, in aluminium hydro-oxide gel as adjuvant [24] . Inactivation of MAP bacilli was carried-out in water bath at 72°C for 2 h.
Vaccination
A total of 262 sheep of Bharat Merino breed were vaccinated and monitored whereas 70 sheep were kept as nonvaccinated control during trial period (2008) (2009) (2010) . In 2008, 97 adult Bharat Merino sheep were vaccinated with 1 ml (2.5 mg/ml) of "indigenous vaccine" subcutaneously in the neck region against Johne's disease and 30 were kept controls. In 2009, second generation 112 lambs (3 to 6 months) were vaccinated and 25 were left controls and in 2010, 53 third generation lambs (3 to 6 months), were vaccinated and 15 lambs were kept as controls.
trol group of sheep were statistically analyzed using unpaired "t Test" with Welch correction by GraphPad InStat 3.0 software.
Shedding of MAP in Feces
Shedding of MAP was monitored in fecal samples of serially sampled cohort by microscopic examination of each of samples collected on the day of vaccination (zero day) and after vaccination. Approximately, 2 gram of fecal sample was finely grounded in sterilized pestle and mortar with sterilized distilled water (10 -12 ml). Finely grounded fecal samples were centrifuged at 4500 RPM for 45 min at room temperature (RT). The supernatant was discarded and middle layer was used to prepare smears for Ziehl Neelsen (ZN) staining for acid-fast bacilli (AFB) indistinguishable to MAP. Fecal samples were graded as positive or negative on the basis of presence and absence of acid fast bacilli indistinguishable to MAP.
MAP Bacteraemia and Genotyping
DNA Isolation and IS900 PCR
DNA was isolated from the blood samples and subjected to specific IS900 PCR [28] . Briefly, PCR was set in volume of 50 µl, using 1.0 -5.0 ng template DNA, 5 µl of 10X PCR buffer, 2.5 mM MgCl 2 , 0.2 mM dNTPs, 10 pmol of each primer and 5 U Taq DNA Polymerase. Thermal cycling conditions were: initial denaturation at 94˚C for 3 min, followed by 37 cycles of denaturation at 94˚C for 30 sec, annealing at 64˚C for 30 sec, extension at 72˚C for 1 min, and final extension at 72˚C for 7 min. Presence and yield of the specific PCR product (413 bp) was analyzed by 2% agarose ethidium bromide gel electrophoresis.
IS1311 PCR REA
IS1311 PCR was carried out using M56 and M119 primers as per [29] . Briefly, PCR was be set in volume of 25 µl, using 0.5 -1.0 ng template DNA, 2.5 µl of 10X PCR buffer, 2.5 mM MgCl 2 , 0.2 mM dNTPs, 0.6 µmol of each primer and 1 U Taq DNA Polymerase. Thermal cycling conditions were as follows: initial denaturation at 94˚C for 3 min, followed by 37 cycles of denaturation at 94˚C for 30 s, annealing at 62˚C for 30s, extension at 72˚C for 1 min, and final extension at 72˚C for 10 min. Amplicon sizes of 608 bp were considered positive, after separation on 2% agarose gel stained with ethidium bromide. IS1311 PCR REA reaction was carried out in a volume of 30 µl, containing 20 µl positive IS1311 PCR product, 3 µl reaction 10X buffer, and 2 U of each endonuclease HinfI and MseI [29] . The reaction mixture was incubated at 37˚C for 2 hrs. Band patterns will be visualized after electrophoresis on 4% agarose gel with ethidium bromide. Genotype profiles were interpreted as per [30] .
Vaccine Mediated Sero-Conversion
Each of the vaccinated sheep serum samples collected during the study were screened by using "Indigenous ELISA kit", developed for screening of goats and sheep against JD Infection. Indigenous ELISA test uses semipurified soluble protoplasmic antigen (PPA) prepared from the native isolates of MAP ("S5") recovered from a terminal case of JD in a Jamunapari goat (CIRG) and has since been characterized as "Indian Bison type" [25] , OD values were transformed to S/P ratio [31] and sheep in strong positive and positive category were considered as positive for MAP infection and as sero-converts.
Results and Discussion
Of the total 332 sheep for which the post vaccination data was collected from the flock of Bharat Merino sheep, 6, 2 and 4 were suspected of death due to JD in 2008, 2009 and 2010, respectively ( Table 1) . Monitoring of the flock for Johne's disease exhibited that though the disease existed in the flock but was under control mainly due to the JD vaccination program which continued for three years (2008 to 2010). This vaccination study was continued for 3 long years using "indigenous vaccine" in either goat or sheep since development of "indigenous vaccine" against JD in 2005. The morbidity due to Johne's disease was also reduced substantially after vaccination of flock. Other causes of mortality were severe anemia and debility, chronic hepatitis, pneumonia, pulmonary abscess, recurring bloat, pregnancy toxemia, etc., The Equivalent Average Death rate in JD was 0.00234/1000 animal days at risk.
Mean of body weights gained over the period of one year (in year 2008) were males-12.86; females-5.42 and males-12.0; females-5.84 in vaccinated and control groups, respectively ( Table 2) . Mean of body weights gained over the period of one year (year 2009 in progeny of 2008) were males-9.88; females-4.44 and males-6.0; females-3.91 in vaccinated and control groups, respectively ( Table 3) . Mean of weight gained up to 120 days (Table 4) . However, there was decline in the body weights in few sheep under both groups which might be due to the unfavorable weather (heavy rainfall) and were under stress. These observations are in agreement to the findings of [24] , when they used the same vaccine in goats. However, sheep in vaccinated groups gained more in body weights as compared to control group in terms of body weights and body condition. Fecal samples profile with respect to shedding of MAP at zero day and 360 DPV showed decreasing trend in shedding of MAP in vaccinated groups. Shedding of MAP was reduced in vaccinated sheep by 6.2%, 14.3% and 27.3% in 2008, 2009 and 2010, respectively; whereas it increased in control sheep ( Table 5) . Improvement in the control group of sheep was due to reduced contamination of the environment (soil and pasture). Due to good nutrition the control group of animals also started improving as the daily dose of MAP was reduced in these animals. This was clear in the table which showed reduction in shedders with respect to intensity of infection +4 to +1. Reduced environmental shedding by large number of vaccinated sheep helped to improve the environment for other sheep in the control group.
Blood samples collected from vaccinated and control sheep group at pre and post vaccination intervals were screened by IS900 PCR (Figure 1) . MAP bacteremia in vaccinated group was reduced to 4.5% and 4.6% in 2009 and 2010, respectively ( Table 6 ). Typing of the IS900 PCR positive DNA samples using IS1311 PCR-REA, from Bharat Merino sheep at Mannavanur showed that animals were infected with "Indian Bison type" biotype (Figure 2) , which also justified the use of this "indigenous vaccine" of goat origin against ovine JD, since vaccine strain of MAP was based on "S5" strain, an "Indian Bison Type" biotype of MAP of goat origin. Earlier studies reported presence of "Indian Bison type" genotype of MAP shared by different species, breeds and agro-climatic regions of the country due to high pathogenic nature [14, 32] .
Due to long distance, remoteness of the location and non-availability of the health scientist at this farm, proper monitoring of serological titers could not be taken up at this farm under the present trial. Of the 137 and 68 sheep screened at pre-vaccination, 26 (18.9%) and 21 (30.8%) were positive for MAP antibody by "indigenous ELISA kit" in 2009 and 2010, respectively ( Table 7) . However all the sheeps in vaccinated group became sero-converted at different post vaccination intervals (Figure 3 ).
An ideal vaccine would either generate immunity or help out the animals to contain the infection so there is no horizontal spread. Currently, most of the MAP vaccines use mineral oil adjuvants to evoke more active immune responses [33] . Most of the sheep studies used strain 316F, strain 18 and virulent field strains with oily adjuvant as killed vaccines for the control of Johne's disease [19] . Vaccination with these strong adjuvants often lead to development of lesions at the site of vaccination [34] . While vaccine invariably result in a strong cellular immune response, it is overlayed with an equally strong humoral response [35] .
Vaccine trials showed that there was overall improvement (cessation of passing cow like faeces, reduced morbidity, mortality, 100% tupping percentage, reduced fecal shedding of MAP, all vaccinated sheep were sero-converted (Figure 3) , there was no animal reported in sick- ness, despite inclement weather conditions. Body weights of animals showed increasing trend and improvement in condition of animals after vaccination. Since both "vaccines strain" and MAP biotype prevalent at Mannavanur in Bharat Merino sheep were homologous, along with better nutrition status of flock may be reasons for "long time effect of the vaccine". The "indigenous vaccine" made from strain of goat origin was equally effective in sheep flock that is located in the Kodai hills of Tamil Nadu and infected with same (Indian Bison Type) genotype. The positive effect of vaccine was seen up to the 1 year and beyond, though monitoring of the body weights on monthly basis was suspended. This is the first flock where lambs born to second generation ewes have been vaccinated. Earlier attempt was also made to save the Jamunapari herd from culling due to JD by treating the spontaneous cases of sub-clinical, clinical and advanced clinical JD with "indigenous vaccine" [23] . After the success of indigenous vaccine trials in goatherds and cattle herd located in the different agro-climatic region of the country, the therapeutic efficacy of a new "indigenous vaccine" prepared from native highly pathogenic "Indian Bison Type" biotype of Mycobacterium avium subspecies paratuberculosis (MAP) of goat origin has been evaluated with respect to control groups of clinical Johne's disease (JD) in naturally infected Bharat Merino sheep at Mannavanur, Tamil Nadu. Infection of MAP usually occurs soon after the birth, thus traditionally vaccination has been practiced during the first few weeks of animal life on the basis that protection would be conferred for the first contact with mycobacteria [16] . Due to vaccination, no allergic reactions and abscess formation were observed in sheep whereas vaccinated sheep showed nodule formation ("Take") at the vaccination site just after 24 -48 hrs of vaccination. Similar observations have been made by [36] , who used same vaccine in goats and cattle, respectively, in North India. Earlier study observed similar vaccination reaction after site (3 -45 mm) of vaccination as seen in the vaccinated Bharat Merino sheep but in his study the diameter of "take" did not decline with time [37] . Difference in the composition of the vaccines with respect to strain and the adjuvant used varied from vaccine to vaccine in previous studies and use of Aluminium hydroxide gel alone might have apparently contributed to the reduction in size of vaccine nodule formation in the present study.
Conclusion
"Indigenous vaccine" made from strain "S5" (Indian Bison Type) of goat origin was equally effective as it significantly reduced morbidity, mortality and shedding of MAP, reduced clinical disease (diarrhoea) and the burden of MAP and enhanced flock immunity and productivity (100% tupping) in the sheep flock naturally infected and endemic for JD. Therefore, indigenous vaccine against Johne's disease developed at Central Institute for Research on Goats was both "therapeutic vaccine" and "preventive" and helped to cure cases of clinical Johne's disease in endemically infected sheep and reduced number of cases of clinical JD in vaccinated young lambs.
